Abstract -A n electroencephalogram (EEG) based B r a i n Computer Interface ( B C I ) is designed as a three-state machine where direct transitions f r o m the neutral to the active state are not allowed. A transition state is introduced i n order to m a k e t h e user confirm his intents t h r o u g h latency. The lat e n c y is a d y n a m i c parameter that decreases w h e n the user achieves a n acceptable level of performance. EEG signals are classified in the space generated by t h e i r correlative time-frequency-space representat i o n (CTFSR). Nonlinear separation in t h i s space is achieved by using the support vector machine approach. A n adequate kernel design allows the computations to take place i n the t i m e domain.
I. INTRODUCTION
A BCI is a communication system which allows a human user to control a computer generated environment (CGE) by merely thinking. The brain electrical activity is monitored through scalp recorded electroencephalogram (EEG). The result of EEG signals classification is mapped into an action inside the CGE, this constitutes a feedback to the user who can modulate his mental activities so as to produce those EEG patterns that make the BCI accomplish his intents. An EEG trial is the amount of EEG that the BCI needs to analyze in order to generate an action. We call "neutral state" when no action occurs in the CGE, and "active state" when something happens in the CGE. The ideal BCI (when the recognition error rate is zero) is a two-state machine that switches between the neutral and active states. In a real application, the false positive error (the system switches to the active state while the current EEG trial is neutral) and the false negative error (the system switches to the neutral state while the current EEG trial is active) are not zero. A transition state is introduced so that the BCI cannot switch from the neutral to the active state immediately. The BCI remains in the transition state until the L (latency parameter) previous EEG trials are equally recognized as the current EEG trial. The introduction of the transition state allows us to prevent the BCI from abruptly switching to the active state and to introduce a user rewarding mechanism by reducing his latency when false positive and false negative error rates decrease. Indeed, L = nint (-CL log ( p +~+ (1 -p +~-) ) ) where p+l+ and p+l-are the true positive and false positive recognition rates respectively, nint is the nearest integer function and CL is a normalization constant. 
We define an inner product in the CTFSR space as follows.
Equation 4 can be directly calculated in the time domain.
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s Since the Eq. (2) can be written in terms of inner products (Eq. (6)), the similarity measure in the CTFSR space can be directly obtained in the time domain.
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(6) The classification in the CTFSR space is a nontrivial problem because of its large dimensionality. In [l] linear Fisher discriminator was used and multivariate kernels were proposed in [2]. In this study, we applied the support vector machine (SVM) approach, with Gaussian kernel for classification in the CTFSR space. As the inner product in Eq. ( 5 ) is computed in the time domain, we do not need to explicitly calculate the CTFSR of EEG trials. The results of the classification of EEG trials corresponding to two male right-handed subjects, who participated in five experiment sessions reached about 80% for the true positive rate and near 20% for the false positive rate. In these experiments, three types of mental activities (MAS) were used: imagination of left (MA1) or right (MA2) index finger movements and a baseline (MA3) where the subject can imagine anything except MA1 or MA2. In the training time of sessions two to five, continuous feedback was provided to the subjects indicating if the MA they were requested to perform was successfully recognized or not. The feedback of a session was provided using the updated classification parameters of the precedent session.
